expectancy of maxillofacial prostheses may be extended by selecting materials which have demonstrated stability in mechanical properties and color. It has also been found that environmental stains could significantly alter the color of maxillofacial elastomers, and that conventional methods of cleaning were ineffective in removing the stains.4 These results suggested that staining was the principal cause of discoloration of maxillofacial prostheses in a service environment and may, therefore, be responsible for frequent replacement.
In a recent study,5 stained silicone* samples were cleaned by solvent extraction using toluene, benzene, 1, 1, 1-trichloroethane, or n-hexane. The results indicated that solvent extraction with each of the solvents was highly effective in removing various stains from the base silicone material.
The purpose of the present study was to investigate the potential of solvent extraction for removing stains from pigmented silicone samples in order to establish the clinical efficacy of cleaning silicone maxillofacial prostheses.
Materials and methods.
Silastic 44210 was selected as the base elastomer since: (1) it is an elastomer with proven color and mechanical property stability under conditions of accelerated aging;1-2 (2) it can easily be pigmented and processed;3 and (3) it forms a three-dimensional cross-linked network which is essential for successful removal of stains by swelling and extraction with solvents.6 Samples were prepared following the manufacturers' instructions and were pigmented by incorporating 0.2% by weight of commercially available pigments.t The 11 pigments used were: white (W), yellow (Y), dark buff (Dk Bf), medium brown (MB), light brown (Lt B), red brown (RB), black (B1), red (R), blue (Bu), light orange (Lt 0), and orange yellow (OY). Five samples (6 x 4 x 0.35 cm) were prepared for each pigment in metal molds and under a vacuum to eliminate porosity.
Prior to being stained, the samples were solvent-extracted with 1,1,1-trichloroethane, and the color of each sample was compared before and after solvent extraction to ensure pigment stability. The three common staining agents selected were lipstick, disclosing solution, and methylene blue. The lipstick used was a deep red shade,j and this stain was applied to each sample by alternating horizontal and vertical applications until a uniform covering was achieved on the surface. After standing at room temperature for 24 h to allow stain penetration, the samples were wiped with a dry cloth to remove the surface stain, cleaned with a cleansing skin cream, § washed with soap, and then dried prior to spectrophotometric measurements. The disclosing solution was a product specifically used for disclosing dental plaque and was prepared from 45 g Bismark Brown, 1800 cc glycerine, 15 cc of 95% ethyl alcohol, and 1 cc of oil of anise flavoring. The staining solution was further diluted by one part of the disclosing solution to three parts distilled water. The methylene blue productII used was a biological stain, and, for our purposes, it was dissolved in distilled water to form a 0.1% (by weight) solution. Staining was accomplished with the solutions by sample immersion at room temperature for 24 h with constant solution agitation. The samples were cleaned and dried prior to color analysis to remove any surface stain, as described in an earlier study.5 The removal of the stains was carried out by swelling each sample in 1,1,1-trichloroethane for a period of three d and under constant solvent agitation with a magnetic stirrer. The swollen and extracted samples were then de-swollen by stepwise additions of methanol, and were ultimately dried to constant weight under high vacuum to eliminate all traces of solvent. Spectrophotometric analysis was conducted on each stained, washed, and solvent-extracted sample to determine the effectiveness of the stain removal and to establish whether the color of pigments had been altered.
The methods used for spectrophotometric measurements and color analysis are described in an earlier paper.5 For each pigment, the means and standard deviations of the color parameters of luminous reflectance, dominant wavelength, and excitation purity were calculated from the results of each experimental condition. The means were statistically compared by analysis of variance7 and Scheffe intervals8 at a 95% level of confidence.
Results.
Results of the color analysis are tabulated with the corresponding Scheffe intervals in Tables 1-3. In these Tables, the changes in means and standard deviations of luminous reflectance, dominant wavelength, and excitation purity are listed for each condition.
As seen in Table 1 in luminous reflectance when the lipstick stain was used. The largest change for lipstick stain was seen with the W samples, with a decrease in luminous reflectance of 9.9. The pigment causing the least change was B1, with an increase in luminous reflectance of 0.6. The values of luminous reflectance for all pigments, except B1, were significantly changed after methylene blue staining; these changes ranged from 41.1 for OY to 1.4 for Bu. Nine of 11 pig-ments had significantly lower values of luminous reflectance after exposure to disclosing solution, with differences ranging from 17.5 for W to 0.9 for R. The pigments that remained unchanged with disclosing solution were RB and B1. All of the original values of luminous reflectance were restored after solvent extraction.
As seen in Table 2 , all of the pigmented samples exhibited significant changes in dominant wavelength after STAIN REMOVAL FROM A PIGMENTED SILICONE MAXILLOFA CIAL ELASTOMER exposure to lipstick, methylene blue, and disclosing solution. The changes in dominant wavelength ranged from 33.1 nm for W to 0.4 nm for Lt B when exposed to lipstick, from 85.1 nm for the W to 1.5 nm for Bu when exposed to methylene blue, and from 8.7 nm for W to 0.4 nm for R when exposed to disclosing solution. Again, the original values of dominant wavelength for each pigment were effectively restored after solvent extraction. Table 3 presents the results for excitation purity. Lipstick stain altered the excitation purity of all pigmented samples with the exception of W. The observed changes ranged from 0.033 for R to 0.009 for Dk Bf and OY. With the methylene blue stain, the excitation purity of Bu was the only pigment which was unaltered after staining. The changes noted for the pigments ranged from 0.313 for Dk Bf to 0.004 for Bl. The disclosing solution stain was found to produce no effect on the excitation purity of the R, Lt 0, and OY pigmented samples, but significantly changed the excitation purity of the other pigments. The changes for these pigmented samples ranged from 0.610 for W to 0.008 for Bl. Following solvent extraction, the excitation purity of the original values for the lipstick and methyleneblue-stained samples was restored. The disclosing solution stain increased the value of excitation purity from 0.051 (before staining) to 0.661 (after staining) for the W pigment, and the value decreased to 0.096 after solvent extraction. Although the change noted was statistically significant, this difference of 0.045 in excitation purity after solvent extraction was small.
Discussion.
After being exposed to lipstick, methylene blue, and disclosing solution, and then being washed, all pigmented samples exhibited significant changes in dominant wavelength, and the values of luminous reflectance and excitation purity for most pigments were also altered. In quantitative color characterization, the parameters of luminous reflectance, dominant wavelength, and excitation purity correspond approximately to value, hue, and chroma, respectively, in the Munsell Color System,9 in that all colors are presented in a three-dimensional schematic system. Therefore, a change in any of these color parameters will shift the location of a color in the color space, resulting in a distinctive color change as perceived by an observed standard.
The restoration of the original color parameters of luminous reflectance, dominant wavelength, and excitation purity was seen for all pigmented and stained samples after solvent extraction, with the exception of the W pigment. A small but permanent change in excitation purity for the W pigment was observed only with the disclosing solution stain, with an increase of 0.045. This indicates that an interaction between the W pigment and the stain may be responsible for the color change. Although the exact nature of the interaction was not determined, the observed increase in excitation purity of 0.045 at low color saturation is small and would, therefore, be barely perceptible clinically.
During the extraction of stains, the pigment particles were insoluble in the solvent and were permanently entrapped inside the three-dimensional network of the base elastorer, even under the condition of equilibrium swelling. The absorbed solvent acted as a diluting medium and caused the samples to swell such that the increase in elastic free energy from swelling deformation was counteracted by a decrease in the chemical potential for mixing polymer chains and solvent.6 The presence of solvent in this network matrix could generally be treated as being entirely inert but reducing the number of network chains per unit volume of the swollen sample.10,11 Lipstick, methylene blue, and disclosing solution stains are soluble in 1,1,1trichloroethane, and if there is little affinity between the stains and the pigment-polymer matrix, the dissolution of stains would then be expected with solvent extraction. The concentration gradient is the driving force that transports the stains, by diffusion, from the body of the swollen network and into the bulk solvent.
The clinical applicability of this solvent extraction technique was tested on a severely stained maxillofacial prosthesis that had been in service for a period of one year. The results were promising (see the Fig.) , since the esthetics of this prosthesis was restored with no noticeable dimensional changes after solvent extraction.
It must also be emphasized that only specific elastomers (those able to form a three-dimensional cross-linked network) are capable of being cleaned by solvent extraction. Unless the base elastomer used for a prosthesis has been evaluated for stability during solvent extraction, this technique should not be employed.
The solvent 1i,1 -trichloroethane is an organic compound, and proper care must be exercised in its use. After a prosthesis has te n de-swollen with alcohol and completely dried under a iigh vacuum (757 mm Hg), no traces of solvent should remain. The residual toxicity of solventextracted Silastic 44210 has been evaluated using tissue culture techniques, and the elastomer was non-toxic.12
Conclusions.
1. 1,1,1-trichloroethane was effective in removing lipstick, methylene blue, and disclosing solution stains from pigmented Silastic 44210 by solvent extraction.
2. Of 11 pigments evaluated, only the white pigment demonstrated a change in one color parameter. A small but permanent change in excitation purity of the white pigment with the disclosing solution stain was observed after solvent extraction.
3. The solvent extraction of several stains was encouraging and may have direct clinical application. 
